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a b s t r a c t
Median sternotomy is the most commonly performed surgical procedure in the treatment of
heart conditions in both adults and children. Deep sternal wound infections (DSWI) present
a serious complication occurring after surgery, highly demanding both of patients and
surgery departments. The present study is a retrospective analysis of 9110 patients who
underwent a cardiac surgery at the Center of Cardiovascular Surgery and Transplantations,
Brno, Czech Republic, in the years 2005–12, and as its objective it has a deﬁnition of risk
factors of DSWI after median sternotomy.
In this study, a multivariate analysis found sepsis to be the most serious risk factor, in
addition to harvesting of the mammary artery (to be used as a graft for revascularisation),
haemodynamic instability, reintubation and male sex.
# 2015 The Czech Society of Cardiology. Published by Elsevier Sp. z o.o. All rights
reserved.
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.Introduction
The procedure of longitudinal median sternotomy was ﬁrst
used in surgery in 1897 by Milton [1] and became widespread
after 1957, thanks to the popularisation efforts by Julian [2].
Despite the development of modern minimally invasive and
robotic methods of surgery, median sternotomy remains the
most frequently used approach in cardiac surgery of both adults
and children. The reason is a good exposure of the sternum and
mediastinal structures, and relatively low postoperative pain
(as compared to thoracotomy, for instance) [3].
The ﬁrst comprehensive classiﬁcation of healing defects
after median sternotomy was deﬁned by El Oakley and Wright* Corresponding author at  : Centrum kardiovaskulární a transplanta    čn
Tel.: +420 604385804.
E-mail address: dane@email.cz (D. Nešpor).
http://dx.doi.org/10.1016/j.crvasa.2015.02.014
0010-8650/# 2015 The Czech Society of Cardiology. Published by Else(Table 1) in 1996 [4]. A subgroup of the most severe defects
comprises inﬂammations of the mediastinum, i.e. mediasti-
nitis (for the criteria according to the Centers for Disease
Control and Prevention, or CDC, see Table 2 [5]) the mortality
level of which (with incidence between 0.4 and 5%) has been,
historically, as high as 40% [1]. Routine implementation of
vacuum activated closure (VAC) methods in the 1990s resulted
in decreased mortality (under 10%) in patients with this
postoperative complication [6,7]. Despite this, deep sternal
wound infections (DSWI) remain a serious problem, usually
necessitating long-term hospitalisation in order for the defect
to heal and for a deﬁnitive solution to be found, which has dire
consequences both for the well-being of the patient and for the
economy of the cardiac surgery department.í chirurgie Brno, Peka   řská 53, Brno 656 91, Czech Republic.      
vier Sp. z o.o. All rights reserved..
Table 1 – El Oakley and Wright classification.
1. Mediastinal dehiscence Wound disintegration after median sternotomy when clinical and/or microbiological signs of
infection are absent.
2. Early mediastinal infection Clinical and/or microbiological signs of infection of presternal tissue and sternal osteomyelitis
in combination with mediastinal
sepsis, or mediastinal sepsis only, or with unstable sternum, or unstable sternum only.
A. Superﬁcial sternal wound infection Early infection limited to subcutaneous tissue.
B. Deep sternal wound infection Early infection associated with osteomyelitis of the sternum with retrosternal space infection,
or with retrosternal infection only.
Modified from El Oakley and Wright [4].
Table 2 – Criteria of mediastinitis according to CDC [28].
1) Anorganism is isolated from culture of mediastinal tissue or ﬂuid
2) Evidence of mediastinitis is seen during operation or by histopathological examination
3) At least one of the following signs and symptoms without evidence of other causes: fever
(body temperature higher than 38 8C), chest pain, instability of the sternum and at least one of the following signs and symptoms:
a. purulent exudate from the mediastinum
b. organisms cultured from blood, or discharge from mediastinal area
c. mediastinal widening on X-ray
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become the focus of a number of studies. Amongst the most
serious risk factors the authors include obesity, diabetes
mellitus, and impairing of pulmonary function [8–10]. Other
frequently quoted risk factors are resternotomy (repeated
sternotomy), renal failure, urgent surgeries, ischaemia of
lower extremities and others [11–13].
The aim of our study is a retrospective analysis of the data
from the Centre of Cardiovascular Surgery and Transplanta-
tions, Brno, Czech Republic (CKTCH – Centrum kardiovasku-
lární a transplantační chirurgie) sourced from the National
Cardiac Surgery Registry (NCSR) of the Czech Republic, with
the deﬁnition of risk factors of DSWI in our patients.
Patients and methodology
We retrospectively analysed 9110 cardiac surgery patients in
CKTCH Brno, who underwent cardiac surgery between 1st
January 2005 and 31st December 2012. The data source wasPicture 1 – Acute purulent poststernotomic mediastinitis.
Photo from the archives of the author.NCSR, which represents the most comprehensive database
available. Data are divided into three parts:
1) preoperative
2) perioperative
3) postoperative
Patients with DSWI included those who, according to El
Oakley and Wright classiﬁcation, belong to Group 1 (sternal
wound dehiscence) or Group 2B (early infection associated
with osteomyelitis of the sternum accompanied by retro-
sternal space infection, or early infection associated with
retrosternal space infection only) – Picture 1. The assessment
of classiﬁcation of the defect was done by the surgeon
performing the revision of the wound.
Microsoft Excel (Microsoft, Redmond, WA, USA) and
Statistica (StatSoft, Dell, Round Rock, TX, USA) software
applications were employed for the processing of the data
set and for its statistical evaluation. Univariate analysis
according to Fisher's exact test and chi-squared test was used
to process the data statistically. Statistically signiﬁcant values
were then processed by multivariate analysis according to the
model of logistic regression and sorted by odds ratio calcula-
tion with 95% conﬁdence interval.
Results
Incidence and mortality
Within the group of all the observed 9110 patients who
underwent sternotomy at the CKTCH, DSWI occurred in 208
cases throughout the given period, which represents 2.28%.
The rate of hospitalisation mortality in the group of patients
with DSWI was 9.62%, which, in comparison with the patients
without this complication (2.94%), is a statistically signiﬁcant
difference (p < 0.001).
A calculated predictor of mortality after surgery – Euroscore
I (European System for Cardiac Operative Risk Evaluation)
Table 3 – DSWI by year.
2005 2006 2007 2008 2009 2010 2011 2012
Surgeries total 1279 1120 1116 1128 1138 1141 1085 1103
DSWI 29 26 23 27 19 33 26 25
% of DSWI 2.27 2.32 2.06 2.39 1.67 2.89 2.40 2.27
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(p < 0.001). In the group of patients with deep defects of
healing it was 7.7%, in the group without this complication it
was 4.9%. Patients with a higher calculated surgical risk were
therefore at greater risk even in regard to DSWI.
By analysing the statistical data for individual years,
signiﬁcant differences in the incidence of DSWI between
years were not found (Table 3). The difference in the duration
of hospitalisation from surgery to discharge from hospital was
statistically signiﬁcant at the level of signiﬁcance p < 0.001,
whilst for the group of patients with DSWI it was on average
26.7 days longer than for patients without this complication
(41.2 vs. 14.5 days). It is clear from this ﬁnding that the
economic burden for a cardiac surgery department treating
patients with DSWI is greater than otherwise.
Infectious agents
The results of culture examinations (smear, puncture and/or
culture of sample tissues) were positive in 109 cases in the
observed group. The infectious agents found are given in
Table 4. The ﬁnding of the presence of coagulase-negative
staphylococci and Staphylococcus aureus is quite characteristic
of DSWI after median sternotomy due to the common
occurrence of the staphylococci on the surface of the skin
and certain mucous membranes. Klebsiella pneumoniae and
Pseudomonas aeruginosa are nosocomial infectious agents,
highly resistant to treatment by common antibiotics. An
association with ventilator-associated pneumonia was proven
in the case of Pseudomonas aeruginosa. This microbe is also
highly resistant to treatment by underpressure drainage
methods. We recorded only one patient with methicillin-
resistant Staphylococcus aureus (MRSA).Table 4 – Infective agents.
Infective agent Total number %
Coagulase-negative staphylococci 72 38.9
Staphylococcus aureus 36 19.5
Escherichia coli 20 10.8
Klebsiella pneumoniae 15 8.1
Pseudomonas aeruginosa 12 6.5
Enterococcus 9 4.9
Enterobacter 7 3.8
Proteus 5 2.7
Streptococcus 3 1.6
Candida 2 1.1
Burkholderia cepacia 1 0.5
Morganella morgagnii 1 0.5
Acinetobacter 1 0.5
Haemophilus parainﬂuenzae 1 0.5Factors inﬂuencing the healing of wounds after median
sternotomy
An overview of statistically signiﬁcant pre-, peri- and
postoperative data from the NCSR is given in Table 5. The
results of multivariate analysis sorted according to odds ratio
are given in Table 6.
Discussion
Within the observed group of patients, those with postopera-
tive sepsis were at highest risk. The cause of sepsis is the effect
and spread of endogenous or exogenous (in this case often
nosocomial) infective agents in immunocompromised
patients after surgery. To reduce the effect of endogenous
infectious agents, a routine culture examination (nasophar-
ynx, urine) is always performed at the CKTCH and followed by
antibiotic treatment of colonised patients. Nasal administra-
tion of mupirocin or chlorhexidine shower is not routinely
introduced in our department for ambiguity of recently
published results [16,17]. Exogenous transmission should be
reduced by proper barrier precautions (reduction in the
number of nursing staff per patient, observance of hygienic
procedures) and by reduction of the time when invasive inputs
(endotracheal cannula, central venous catheter, permanent
urinary catheter, surgical wound drainage) are present. The
length of stay in the ICU and duration of mechanical
ventilation (in univariate analysis statistically signiﬁcant
factors) also increase the patient's exposure to nosocomial
infectious agents. Elderly patients with naturally reduced
immunocompetence and immunosuppressed patients are
exposed to the risk of sepsis at a higher rate.
Using one or both of the internal thoracic (mammary)
arteries is a long-standing subject of debate in terms of its
being a risk factor. In our group of patients with single
mammary artery harvested (left internal mammary artery –
LIMA), there was the incidence of DSWI 3.19%. Consistently in
a wide range of published studies higher incidence of DSWI
after surgical myocardial revascularisation is cited, in the case
that has been one or both mammary arteries harvested.
Nevertheless, the IMA graft is favoured for myocardial
revascularisation as compared to venous grafts (great saphe-
nous vein – GSV) for its long-term patency (10 years 90% IMA
vs. 60% GSV) [18]. In young patients, both of the mammary
arteries could be used because of this fact. Puskas indicates
statistically more signiﬁcant long-term survival of patients (up
to 35% higher) in whom both of the mammary arteries were
used to surgically revascularise the myocardium. He found no
difference in the DSWI incidence between patients after the
harvesting of one, or both mammary arteries [19]. In the
retrospective study involving over 1.5 million patients, Itagaki
Table 5 – Univariate analysis.
Observed parameter No DSWI
(N = 8902)
% of no
DSWI
DSWI
(N = 208)
% of
DSWI
Statistical
signiﬁcance (p)
(A) Preoperative
Male sex 5993 67.3 170 81.7 <0.001
Mean value of BMI 28.3  4.5 29.9  4.4 <0.001
BMI over 30 (obesity) 2914 32.7 103 49.5 <0.001
History of previous MI 2378 26.7 81 38.9 <0.001
History of heart failure 1797 20.2 55 26.4 0.029
Nicotinism (ex-smoker, smoker) 4197 47.1 125 60.1 <0.001
Diabetes mellitus 3131 35.2 101 48.6 <0.001
Hypertension 7015 78.8 177 85.1 0.031
Dyslipidaemia 5517 62.0 148 71.2 0.007
History of lung disease 1816 20.4 75 36.1 <0.001
Neurological dysfunction 747 8.4 33 15.9 <0.001
Peripheral artery disease 786 8.8 33 15.9 0.001
Ejection fraction (mean value) 51.1  13.8 47.1  13.8 <0.001
Intravenous nitrates or any amount of heparin before surgery 2121 23.8 76 36.5 <0.001
Unstable haemodynamic condition before surgery 405 4.5 25 12.0 <0.001
Cardiogenic shock before surgery 195 2.2 9 4.3 0.053
Age (mean value) 64.7  12.4 66.7  9.5 0.003
(B) Perioperative
Acute type of surgery 689 7.7 24 11.5 0.0497
LIMA graft used 3194 35.9 105 50.5 <0.001
Number of valves affected by surgery (mean value) 1.25  0.48 1.39  0.61 0.029
Type of surgery: CABG + other surgery 433 4.9 18 8.7 0.022
Total duration of extracorporeal circulation (mean value) 94.0  40.7 101.8  43.5 0.007
(C) Postoperative
Administration of blood derivatives 5041 56.6 138 66.3 0.006
Reintubation 385 4.3 41 19.7 <0.001
Total duration of intubation (mean value in hours) 29.7  105.4 119.1  349.4 <0.001
Inotropic support 3695 41.5 125 60.1 <0.001
Tracheostomy 291 3.3 30 14.4 <0.001
Elimination method (dialysis, ultraﬁltration) 232 2.6 19 9.1 <0.001
Length of ICU stay (mean value in hours) 94.6  131.3 192.0  372.6 <0.001
Postoperative revision 398 4.5 18 8.7 <0.001
Coma 250 2.8 13 6.3 0.009
Postoperative psychosyndrome 1274 14.3 64 30.8 <0.001
Paraparesis 22 0.2 3 1.4 0.019
Urinary tract infection 119 1.3 8 3.8 0.009
Catheter sepsis 156 1.8 15 7.2 <0.001
Sepsis 307 3.4 39 18.8 <0.001
Bronchopneumonia 174 2.0 14 6.7 <0.001
Ventricular ﬁbrillation or ventricular ﬂutter 2904 32.6 95 45.7 <0.001
Low cardiac output syndrome 1027 11.5 45 21.6 <0.001
Multiple organ failure 243 2.7 19 9.1 <0.001
Duration of hospitalisation (mean value) 17.5  10.1 44.9  30.9 <0.001
Surgery to discharge period duration (mean value) 14.5  8.9 41.2  29.0 <0.001
BMI, body mass index; MI, myocardial infarction; LIMA, left internal mammary artery; CABG, aortocoronary bypass; ICU, intensive care unit.
Table 6 – Multivariate analysis.
Observed parameter Odds ratio 95% conﬁdence interval Statistical signiﬁcance (p)
Sepsis 2.68 2.14–3.22 <0.001
LIMA graft used 2.13 1.71–2.54 <0.001
Unstable haemodynamic condition 2.058 1.96–3.2 0.003
Reintubation 2.04 1.53–2.55 0.006
Number of valves affected by surgery 1.92 1.59–2.25 <0.001
Male sex 1.8 1.36–2.23 0.008
History of lung disease 1.73 1.4–2.06 <0.001
Postoperative inotropic support 1.51 1.15–1.87 0.025
BMI over 29.2 1.09 1.05–1.12 <0.001
Length of ICU stay 1.001 1.0001–1.002 <0.001
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Picture 2 – Pedicled mammary artery.
Photo from the archives of the author.
Picture 4 – Y-shaped graft, created by anastomosis RIMA
end-to-side LIMA.
Photo from the archives of the author.
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patients suffering from diabetes mellitus. However, he also
points to the decreased hospitalisation mortality in patients of
this group [20]. Contrary, Hazelrigg draws attention to the
almost threefold increase in the risk of DSWI if both of the
mammary arteries are harvested [21]. Studies of Cosgrov and
Kouchoukos brought similar results [22,23]. The factor that
plays an important role in the incidence of DSWI in
conjunction with the harvesting of the mammary arteries is,
according to the latest research results, the surgical techniquePicture 3 – Skeletonised left mammary artery.
Photo from the archives of the author.of their harvesting. In the past, the preferred technique was to
harvest the artery along with its pedicle (Picture 2), i.e. together
with the adjacent veins and tissue; nowadays it is 'skeleto-
nisation', which gently frees only the mammary artery itself
(Picture 3). In his survey, Saso has proven that the 'skeleto-
nisation' harvesting technique is connected with as much as a
60% decrease in the incidence of sternal infections in non-
diabetics as compared to the 'pedicle' technique [24]. In
diabetics, the difference was nearly 20% in favour of the
skeletonised mammary artery. If both of the mammary
arteries are used, the decrease is approximately 10% for both
groups (i.e. diabetics and non-diabetics). The advantages of
skeletonisation consist in lesser damage to the tissues of the
thoracic wall, mammary veins are left in situ and because of
preservation of the branches of the mammary artery which are
often bifurcated or trifurcated, thanks to which the arterial
supply of the sternum is not affected too much. A disadvan-
tage of the skeletisation technique lies in the fact that it is
technically more demanding. In our group of patients, single
mammary artery was always harvested in pedicled fashion,
for harvesting of both mammary arteries (BIMA) we used
skeletonised technique – Picture 4. In the group of 214 BIMA
patients there was the incidence of DSWI 3.74% (8 patients).
This difference is not considered to be statistically important.
Based on the above-mentioned facts, an individual approach
to the patient seems to be suitable, whilst taking into account
all other risk factors, such as obesity, diabetes mellitus, age
and persistent lung diseases.
Preoperative haemodynamic instability is deﬁned as a
condition requiring pharmacological or mechanical cardiac
support to maintain blood pressure and heart output [25].
It correlates with other statistically signiﬁcant risk factors,
including the necessity of preoperative administration of
intravenous nitrates or heparin, low left ventricular ejection
fraction, etc. In all these cases, the centralisation of the blood
circulation leads to impaired blood supply of the sternum
region. In the case of preoperative administration of heparin,
there is also increased risk of postoperative bleeding.
The risk of occurrence of a DSWI increases twofold when
the number of heart valves affected by surgery is also higher.
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The univariate analysis shows that the duration of extracor-
poreal circulation is a statistically signiﬁcant risk factor of
DSWI at the level of signiﬁcance p < 0.01. This also correlates
with the results of a study by Filsouﬁ, who considers this factor
statistically signiﬁcant in connection with DSWI incidence
[26]. The longer the duration of the surgery is, the longer
the duration of exposure of the surgical wound to infectious
agents is also. Moreover, extracorporeal circulation activates
systems of inﬂammatory response, which causes a
diminished resistance of the organism to infectious agents
postoperatively due to a depletion of immunocompetent
mechanisms. DSWI accompanied by sepsis poses a great risk
for patients with an implanted artiﬁcial valve due to the
danger of prosthetic endocarditis [27].
A higher incidence of DSWI within the observed group of
patients was found in males. However, current studies offer no
clear opinion on this. Some authors mention males as being at
greater risk due to their high BMI values and a greater number
of comorbidities [28]. To others, on the contrary, women
appear more at risk due to their usually high age at the time of
surgery and due to osteoporosis of the breastbone [29].
The causes of higher risk of DSWI for patients with altered
lung function, which is particularly represented by chronic
obstructive pulmonary disease (COPD) and nicotinism, consist
in the need for long-term artiﬁcial pulmonary ventilation and
difﬁculty weaning from it, more frequent reintubation and
excessive cough (which leads to mechanical complications,
namely instability of the sternum, crepitations, formation of
secretions and secondary mediastinal infections). Patients
with COPD are more susceptible to pulmonary infections,
require longer periods of ICU hospitalisation and breathing
support, which increases the risk of ventilator-associated
pneumonia. Other causes include decreased blood oxygen-
ation leading to hypoxia of the sternum and chronic
corticosteroid medication which has a negative impact on
the process of healing of surgical wounds [30]. Early tracheos-
tomy has also been regarded as risky with respect to the near
location of the stoma of the airways to the region of the
surgical wound. In the study involving 2823 cardiac surgery
patients, Rahmanian did not ﬁnd any increase in the incidence
of deep sternal defects in the group of patients after early
tracheostomy [31]. Based on the results of his study, he
attributes the higher incidence of DSWI more to respiration
failure than to the insertion of the tracheostomy cannula
which he, on the contrary, prefers for patients with prolonged
artiﬁcial pulmonary ventilation for the purpose of reducing
sedation and analgesia, possible occurrence of pneumonia and
faster weaning from artiﬁcial ventilation. A correlation
between the manner of insertion of the tracheostomy cannula
and incidence of DSWI has not been studied so far; however, a
puncture technique has been recommended in some studies,
because the cannula and skin ﬁt together closer and better.
Obesity is deﬁned as a BMI over 30 kg/m2. Obese patients
are said to be affected by DSWI two to seven times more often
than normosthenics and obesity is thus one of the greatest
risks of the occurrence of DSWI, together with diabetes
mellitus [6,8,9,28–30,32]. The risk of healing of surgical wounds
in diabetics depends on the degree of their obesity as well as on
accompanying comorbidities. In elderly patients, obesity isoften linked to hypovitaminosis, hypoalbuminaemia and
hypoproteinaemia, and typical comorbidities are diabetes
mellitus, hypertension and dyslipidaemia. All these are factors
that make the prognosis of surgical wound healing poorer.
According to Milano et al., difﬁcult titration of prophylactically
administered antibiotics is also added to the above-mentioned
problems, besides difﬁcult disinfection of skin folds (which are
often colonised by infectious agents) and the fact that adipose
tissue is in itself a good culture substrate for potential
infections [12,30]. It is also necessary to emphasise that
despite obesity being a DSWI risk factor, it is not associated
with increased mortality, for instance following surgical
revascularisation of the myocardium. The question is, then,
whether efforts to reduce weight in obese patients are not
counterproductive, since loss of weight might cause deterio-
ration in their clinical symptoms if there is a progressive
valvular defect and/or atherosclerosis of coronary arteries.
Also, many patients are not able to lose weight at all due to the
combination of dyspnoea and/or angina pectoris in heart
disease and deconditioning. This issue is the more complex, as
even though obesity is a modiﬁable risk factor, no specialised
study to date has determined a 'safe weight', i.e. a weight loss
necessary for the reduction of DSWI occurrence to a limit
value.
Conclusion
The present retrospective analysis of the data provided by the
NCSR found that in 9110 patients operated on at the CKTCH in
the years 2005–12 the most signiﬁcant preoperative indepen-
dent risk factors causing DSWI were the following: male sex,
obesity, history of lung diseases (e.g. COPD and/or nicotinism)
and unstable haemodynamic preoperative condition. Amongst
the peri- and postoperative factors, the most statistically
signiﬁcant ones were the following: septic shock, surgery of
more than one heart valves, harvesting the mammary artery as
a graft, duration of ICU hospitalisation, reintubation and the
necessity of inotropic support. Increased attention should be
paid to patients having more of the above-mentioned risk
factors so as to reduce the risk of appearance of deep healing
defects of surgical wounds, which are a serious complication
occurring after cardiac surgery procedures.
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